The paper investigates seasonal effects in seventeen indices on nine African stock markets using regression analysis and the Kruskal-Wallis and Chi-square Median tests. Significant seasonal effects are found on some, but not all indices. The strongest effect observed is the month-of-the-year effect followed by the day-of-the-week effect. The West African Regional stock Exchange (BRVM) exhibited a reversed 'December decline -January rise' pattern, while the turn-of-themonth effect observed for Egypt disappeared after the turn-of-the-year effect was removed. Using the Kruskal-Wallis test, no seasonal effects for Namibia were found. For the other markets, at least one seasonal effect was observed, suggesting some exploitable trading opportunities.
Introduction
Seasonal anomalies are the greatest challenge to the Efficient Market Hypothesis (EMH). Anomalies are basically irregularities or inconsistencies that conflict with the whole idea that security prices behave in a random manner. It is also hypothesised that any predictable opportunity for abnormal returns, once made public, will be arbitraged away into non-existence. However, some seasonal effects have been in existence for a number of decades. These seasonal effects include the weekend effect identified by Fields (1931) , the holiday effect (Fields, 1934) and the turn-of-the-year/January effect (Wachtel, 1942) .
While seasonal patterns in stock returns have been documented in the United States and other markets around the world, in Africa, to our knowledge, only the Johannesburg Securities Exchange (JSE) has received significant attention, compared to the other African stock markets. Studies on the JSE include Bhana (1985) who found significantly negative average returns for Mondays and the highest positive returns on Wednesdays for shares traded on the JSE for the period 1978 to 1983. Davidson and Meyer (1993) found that the Monday effect was no longer significant on the JSE using the All Share Index for the period 1986 to 1991. Bhana (1994) found mean pre-holiday returns to be much higher than for the other days on the JSE for the period 1957 to 1990. Bradfield (1990) found significant July and December month-of-the-year effects for the period January 1974 to December 1984. Watson and Smit (1994) found at least one significant seasonal effect on each of the South African share market indices they studied for the period 4 January 1988 to 20 April 1993.
The latest evidence on the JSE, to our knowledge, is from Roux and Smit (2001) who examined if some seasonal patterns still exist on the JSE using the All Share Index, the All Gold Index and the Financial Index. By comparing two periods 1978 to 1989 and 1990 to 1998, they found that most of these anomalies no longer exist on the South African share market.
For other African stock markets, Ayadi, Dufrene and Chatterjee (1998) investigated the January effect on the equity markets of Nigeria, Zimbabwe and Ghana for the periods 1984 to 1995, 1987 to 1995 and 1991 to 1996 , respectively. The results showed no January effect in the stock markets of Nigeria and Zimbabwe. For Ghana, the results from the Friedman test showed that the January average return was significantly higher than the average returns of February and May and significantly lower than the average returns of June, August, October and December.
Data and Methodology
The paper uses continuously compounded returns computed from daily closing price indices from nine African stock markets. The data for these indices was obtained from the respective stock exchanges. The periods of analyses range from 4 years 3 months (September 1998 to December 2002 for the West African Regional Exchange (Bourse Regionale des Valeurs Mobilieres) -abbreviated BRVM -in Cote d'Ivoire to 6 years (January 1997 to December 2002) for Egypt, Morocco and Zimbabwe. All the markets covered were trading daily at the end of the period except Ghana, which was trading only three times a week. For the BRVM, although the period covered begins at inception, the market only shifted to daily trading beginning November 2001. The same applies for Mauritius, which shifted to daily trading beginning November 1997. However, unlike for the BRVM, most of the data for Mauritius came from the period of daily trading. While Ghana was excluded from the day-of-theweek/weekend analysis, the BRVM and Mauritius were only analysed for the respective periods of daily trading. Table 1 reports the descriptive statistics for the calculated daily returns. The number of data points (returns) ranges from 753 for Ghana to 1499 for Zimbabwe. The mean returns were positive for all the indices except Namibia's Local Index, the BRVM and Egypt. * All Kolmogorov-Smirnov Z-statistics are significant at less than the 1% level suggesting a strong rejection of the normality assumption **For Morocco only one index was used in the analysis, the CFG25. This is because the MASI and MADEX are fairly new and data for the no-longer-existent IGB could not be obtained. The mean and standard deviation statistics were multiplied by 100 to give a percentage return since in their numerical values, the mean figures were almost identically zero when rounded to decimal 3.
Table 1 also shows that the returns for all the indices are mostly skewed and have excess kurtosis. The KolmogorovSmirnov test statistics also suggest a rejection of the normality assumption (at the 1% level of significance) for all the indices in the 9 countries. However, since the regression analysis used here is on 'dummy' variables, a manipulation of the coefficients will give the mean daily returns, and thus enable a descriptive interpretation of the results. The results are substantiated with those from the nonparametric Kruskal-Wallis test.
Regression results

Day-of-the-week/Monday effect
The day-of-the-week (DOW) effect suggests that Mondays provide the lowest mean daily returns and Fridays the highest. The weekend effect, therefore, implies a tendency for higher Friday and lower Monday mean daily returns. To examine the DOW effect using regression analysis, the following model is estimated: All coefficients have been presented as percentages (multiplied by 100) since most of them became almost zero after rounding to decimal 3. This could have been avoided from the outset by calculating rates of return as percentages rather than as fractions. ** and * imply statistical significance for a two-tailed test at the 1% and 5% levels, respectively Bold and "Bold Italic" denote the regression coefficients for the days of the week that give the highest and lowest mean daily returns, respectively. Note that in Panel (b) The results indicate that Mondays give the lowest mean daily returns for Botswana's Foreign Companies Index (FCI) and the All Companies Index (ACI), and for Zimbabwe's Industrial and Mining indices, consistent with the literature. However, only the Monday returns for the FCI are significant at the 5% level. The lowest mean daily returns are observed on a Tuesday for Mauritius' SEMTRI, Morocco's CFG25, Namibia's Local Index, and Tunisia's BVMT and TUNINDEX, consistent with evidence from the Australian and Asian markets (e.g. Jaffe and Westerfield, 1985; Kim, 1988; Aggarwal and Rivoli, 1989; Ziemba, 1993; Dubois and Louvet, 1996) . For the Egyptian Financial Group Index (EFGI) and the Hermes Financial Index (HFI), the lowest mean daily returns are observed on the third trading day of the week, that is, on a Tuesday according to the trading week for the Egyptian Stock Exchange which runs from Sunday to Thursday.
1 For the remaining indices, that is, the BRVM-Composite and BRVM-10 indices, Botswana's Domestic Companies Index (DCI), Mauritius' SEMDEX, and Namibia's Overall Index, the lowest mean daily returns fall on a Thursday. However, none of the lowest mean daily returns are observed on a Friday for all the indices.
The largest mean daily returns are observed on a Friday for the FCI and ACI (significant at the 1% level), Zimbabwe's Mining Index, Egypt's HFI and EFGI 2 , and Mauritius' SEMTRI and SEMDEX. Although not all of them are significant, the evidence support the literature that Fridays offer the highest mean daily returns as compared to the other days of the week. For the other indices, the highest mean daily returns are observed on Monday for the BRVMComposite, Tuesday for the BRVM-10, Wednesday for Botswana's DCI, Namibia's Overall and Local indices, the BVMT and Zimbabwe's Industrial Index, and on a Thursday for the TUNINDEX and Morocco's CFG25 (significant at the 1% level). For the CFG25, Wednesday and Friday also provide positive and significant mean daily returns. The mean daily returns for the FCI and ACI are also positive and significant on a Wednesday.
In Panel (b) of Table 2 , a significant Monday effect is observed for the ACI, FCI and CFG25 indices. A Monday effect (but not significant at the 5% level) is also observed for all the other indices, except, the BRVM-Composite, Namibia's Local Index and the TUNINDEX. The rest-ofthe-week (ROW) mean daily returns are significantly positive for the DCI, the SEMTRI, and Zimbabwe's Industrial Index.
End/Turn-of-the-Month Effect
The end-of-the-month (EOM) refers to the last trading day of the month while the turn-of-the-month (TOM) refers to the last trading day of the previous month plus the first four trading days of the current month. These five consecutive trading days are hypothesised to distinctly outperform the rest of the month (Merrill, 1966) due to investors' tendency to operate on a monthly fiscal basis (Hirsch, 1986) . Merrill (1966) suggested that buying for profit before the last 3 days of the month and selling after the first 3 days of the month could be profitable. The turn-of-the-month effect is examined in this study using the following regression analysis: Table 3 .
The TOM effect is further investigated using a regression equation with one dummy explanatory variable taking the value of 1 on each of the TOM days and 0 otherwise. This regression equation is specified as follows: As shown in Panel (a) of Table 3 , none of the markets have significant EOM effects. However, most of the indices exhibit positive mean-daily returns for the EOM, except for Botswana's DCI, Namibia's Local Index and Tunisia's BVMT. The EOM mean daily returns are highest only for the BRVM-10, BRVM-Composite and the GSE Index and lowest for the BVMT. The EOM effect is, therefore, very weak on the African markets. Of the TOM days, significantly positive mean daily returns (at the 5% level) are observed only on Botswana's FCI and ACI on the second trading day of the month and on Mauritius's SEMTRI on the fourth trading day of the month. For Morocco's CFG25, the first day of the month provided significantly negative (at the 1% level) mean daily returns. The other days of the month seem to significantly explain the mean daily returns for Botswana's DCI, the Ghana Index and Zimbabwe's Industrial Index (positive at the 1% level), and for Egypt's HFI and EFGI (negative at the 5% level).
The TOM analysis in Panel (b) of Table 3 , suggests a significant TOM effect for Botswana's FCI and ACI (at the 1% level), Egypt's HFI and EFGI, and Mauritius's SEMDEX and SEMTRI (at the 5% level). No significant TOM effect is observed for the BRVM, Ghana, Morocco and Tunisia's BVMT. For Namibia's Local Index, the TOM seems to give the highest, but not significant, mean daily return. After extracting the TOY effect from the series, the TOM effect remains significant for Botswana's FCI and ACI, but becomes insignificant for all the other markets (see Table 3 Panel (c)). The results, therefore, suggest that apart from Botswana, the TOM effect observed on the other markets is driven by the TOY effect. All coefficients have been presented as percentages (multiplied by 100) since most of them became almost zero after rounding to decimal 3. This could have been avoided from the outset by calculating rates of return as percentages rather than as fractions. ** and * imply statistical significance for a two-tailed test at the 1% and 5% levels, respectively Bold and "Bold Italic" denote the regression coefficients for the days of the month that give the highest and lowest mean daily returns, respectively. Note that in Panel (b) only the coefficients that give the highest mean daily returns have been marked in bold.
Table 3: Regression results for end/turn-of-the-month effect
End/turn-of-the-year effect
The pattern suggested by the January effect is that stock returns are, on average, higher in the first few trading days of the year ranging from about four to ten trading days in January. The end-of-the-year (EOY) effect refers to the last trading day of the year while turn-of-the-year (TOY) effect refers to the last trading day of the year plus the first four trading days in January. In this study, the EOY/TOY effects are examined using regression equations similar to those used for the EOM/TOM effects, with the only difference being the definitions of the dummy variables. The effects are examined using the following regression equation: Table 4. A significant EOY effect is observed on the BRVM's two indices, the BRVM-10 and the BRVM-Composite, and on Zimbabwe's Mining Index. In both cases the coefficients are significant at the 1% level suggesting a strong EOY effect for these indices on the two markets. For the other TOY days, the highest and significantly positive (at the 1% level) mean daily returns are observed on the first trading day in January for Egypt's HFI and EFGI Indices, and on the third trading day in January for Namibia's Local Index. Namibia's Local Index, however, exhibits the lowest and significantly negative mean daily return on the second trading day in January. Morocco's CFG25 also has the lowest and significantly negative mean daily return on the first trading day in January. Table 4 confirms the TOY effect for Egypt's two indices at the 1% level. Zimbabwe's Industrial Index also exhibits the TOY effect at the 5% level, using regression equation (6) but the Mining Index cease to be significant. Weak TOY effects are also observed on other indices but they are not significant. Therefore, of all the indices in this analysis, only the Egyptian indices and Zimbabwe's Industrial Index seem to have strong TOY effects.
Panel (b) of
Month-of-the-Year Effect
With the month-of-the-year (MOY) effect, evidence from the US markets (see Cataldo and Savage, 2000) suggests that the three-month sequence, November, December and January provide the most favourable mean daily returns. Another MOY related hypothesis is the 'December decline followed by January rise' sequence observed on some markets 3 . To examine the MOY effect using regression analysis, the following model is estimated: Mar that takes the value of 1 in March and 0 otherwise, and so forth. The null hypothesis is that no differences exist between the mean returns for each month of the year. The results are presented in Panel (a) of Table 5 .
The literature suggests that January provides the highest and significantly positive mean daily returns compared to the other months of the year. To further examine if January provides significantly higher returns than all the other months of the year, a simplified, one dummy variable regression model is used. This is formulated as follows: Panel (a) and panel (b) present the regression results, that is, the regression coefficients, t and F statistics for the following equations, respectively: All coefficients have been presented as percentages (multiplied by 100) since most of them became almost zero after rounding to decimal 3 This could have been avoided from the outset by calculating rates of return as percentages rather than as fractions ** and * imply statistical significance for a two-tailed test at the 1% and 5% levels, respectively Bold and "Bold Italic" denote the regression coefficients for the days of the year that give the highest and lowest mean daily returns, respectively Note that in Panel (b) only the coefficients that give the highest mean daily returns have been marked in bold From the results in Panel (a) of Table 5 , January seems to give significantly positive mean daily returns for Egypt's HFI and EFGI indices, Mauritius' SEMDEX and SEMTRI, Tunisia's BVMT and TUNINDEX, and for Zimbabwe's Industrial Index. Although most of the indices, except the BRVM-10, BRVM-Composite and Namibia's Local Index, have negative coefficients for the December dummy, none of them are significant, except for the TUNINDEX (at the 5% level) and Zimbabwe's Industrial index (at the 1% level). All the indices have at least one significant coefficient, except for Botswana's FCI and ACI, Namibia's Local Index and Zimbabwe's Mining Index, suggesting the absence of the MOY effect for these indices. The BRVM's two indices exhibit a reversed 'December decline followed by January rise' pattern. The other significant coefficients for the BRVM are for the months of May, September and October, and they are all positive. Other indices exhibiting significantly positive mean daily returns in months other than January are Botswana's DCI and Morocco's CFG25 (highest in August), and the GSE Index (highest in April). For all the other indices, the significant coefficients for the months February to November are all negative.
The results described above, and those in Panel (b) of Table  5 , suggest the presence of a significant January effect in the Egyptian indices, Mauritius, Tunisia and Zimbabwe's Industrial Index. January provides the highest (but not significant) mean daily returns for Botswana's FCI and ACI, Morocco's CFG25 and Namibia's Overall and Local Indices. A significantly negative January effect is observed for the BRVM indices. All coefficients have been presented as percentages (multiplied by 100) since most of them became almost zero after rounding to decimal 3 This could have been avoided from the outset by calculating rates of return as percentages rather than as fractions ** and * imply statistical significance for a two-tailed test at the 1% and 5% levels, respectively Bold and "Bold Italic" denote the regression coefficients for the months of the year that give the highest and lowest mean daily returns, respectively Note that in Panel (b) only the coefficients giving the highest mean daily returns have been marked in bold Table 5 : Regression results for month-of-the-year/January effect
Week-of-the-month effect
In this study, the week-of-the-month (WOM) effect is defined as in Roux and Smit (2001) in which the first trading week of the month consists of the first five trading days of the month, the second and third trading weeks consist of the sixth to the tenth, and the eleventh to fifteenth, trading days of the month, respectively. All the remaining days of the month are classified as week 4. The WOM effect is defined differently only for Ghana. Since the market was trading only three times a week for the period under investigation, the first trading week of the month is defined as the first three trading days of the month, the second week as the fourth to the sixth trading day of the month, and so forth. To examine the WOM effect using regression analysis, the following equation is estimated: Table  6 .
The results in Table 6 suggest that there are no strong weekof-the-month effects on the African stock markets studied. The only significant coefficients observed are the week 1 mean returns for Botswana's DCI and Zimbabwe's Industrial index (positive at the 5% level of significance), the week 3 mean daily returns for Egypt's HFI and EFGI, and the week 4 mean daily returns for Botswana's FCI and ACI (negative at the 1% and 5% levels of significance, respectively). Although not significant, week 1 provides the largest mean daily returns for Botswana's FCI and ACI, Egypt's HFI and EFGI, and Zimbabwe's Industrial Index. The mean daily returns are highest in week 2 for the GSE Index, the CFG25, and Namibia's Overall Index, and in week 3 for Botswana's DCI, Mauritius's SEMTRI and SEMDEX, Namibia's Local Index, and Tunisia's BVMT. The mean daily returns are highest in week 4 for both of the BVRM indices, the TUNINDEX and Zimbabwe's Mining Index. Considering the F-statistic, only the BRVM and Egypt have significant WOM effects. All coefficients have been presented as percentages (multiplied by 100) since most of them became almost zero after rounding to decimal 3. This could have been avoided from the outset by calculating rates of return as percentages rather than as fractions. ** and * imply statistical significance for a two-tailed test at the 1% and 5% levels, respectively Bold denotes the regression coefficient for the week of the month that gives the highest mean daily return.
Kruskal-Wallis and Chi-square median tests
The regression results are substantiated with results from the more robust Kruskal-Wallis and Chi-square Median tests. The Kruskal-Wallis and Median tests for the TOM and TOY effects emulate those for the regression equations that make use of only one dummy explanatory variable.
The results (presented in Table 7 ) suggest a significant DOW effect for Botwana's FCI and ACI, Morrocco's CFG25 and Zimbabwe's Industrial index, using the KruskalWallis test. In addition to these indices, Egypt's HFI and EFGI also exhibit significant DOW effects, using the ChiSquare Median test. Significant TOM effects are only observed on Egypt's HFI and EFGI, using the KruskalWallis test, and only on the EFGI, using the Chi-square Median test. When the TOY effect is extracted from the return series, the TOM effect observed in the Egyptian indices disappears. This tends to indicate that the observed TOM effect is in actual fact a TOY effect. The two Egyptian indices are also the only indices with significant WOM effects, observed using the Kruskal-Wallis but not with the Chi-square Median test.
Interestingly, even with such robust tests, the TOY and the MOY effects persist on some indices. A significant TOY effect is observed on Egypt's HFI and EFGI, and on Zimbabwe's Industrial index using both nonparametric tests. The TOY effect is also observed on Mauritius' SEMTRI and SEMDEX using the Kruskal-Wallis and the Chi-square Median tests, respectively. The relatively more persistent seasonality is the MOY effect. This is observed on Botswana's DCI, the BRVM-10 and BRVM-Composite, the GSE Index, the CFG25 and Zimbabwe's Industrial Index, using both nonparametric tests, and on Tunisia's BVMT and Zimbabwe's Mining Index, using the Kruskal-Wallis and Chi-square Median tests, respectively.
Summary and concluding remarks
Stock market seasonal effects on seventeen indices from nine African stock markets are investigated. Using regression analysis, significant Monday effects are found on two of Botswana's indices, the FCI and the ACI, and on Morocco's CFG25. Significant TOM effects are also found on the FCI and ACI, and on the Egyptian and Mauritian indices, using regression analysis. The TOM effects disappeared for Egypt and Mauritius after removing the TOY effects, suggesting that the TOM effects on these markets could be TOY effects. However, the TOY effects are significant only for Egypt and Zimbabwe's Industrial Index, but not for Mauritius. Significant MOY effects were observed on the BRVM, Morocco, Tunisia, Ghana, Botswana's Domestic Index and Zimbabwe's Industrial Index. A reversed December/January pattern was observed for the BRVM to indicate the highest mean daily returns in December and the lowest mean daily returns in January. For Egypt, Mauritius, Tunisia and Zimbabwe's Industrial Index, January provides the highest, positive and significant mean daily returns as compared to all the other months of the year. Significant WOM effects are evident only for the BRVM and Egyptian indices.
The seasonal effects are almost just as strong using the nonparametric Kruskal-Wallis and Chi-square Median tests except the TOM and WOM effects in which the effects are only significant for the Egyptian indices. In addition to the markets exhibiting significant effects under the regression analysis method, Egypt and Zimbabwe's Industrial Index also exhibit significant DOW effects using the Chi-square Median test. Significant TOY effects are also observed on Mauritius' SEMDEX and SEMTRI using the Chi-square Median and Kruskal-Wallis tests respectively. The MOY effects, observed using regression analysis, are confirmed on most indices using the Kruskal-Wallis test.
While the indices for most markets exhibit at least one seasonal effect, no significant seasonal effects are observed for the Namibian indices using the nonparametric tests. On the other markets, the presence of these predictable seasonal patterns seems to suggest exploitable trading opportunities.
This study only presented the evidence on the existence of seasonal patterns on African stock markets. It is also important to investigate the dynamics of these patterns on African stock markets. While the weekend effect is said to have disappeared or been reversed for the U.S. market, it would be important to investigate whether the seasonal patterns observed in this study are persistent or only specific to the periods investigated. It would also be interesting to investigate if seasonal patterns exist on African stock markets for the same reasons they exist on stock markets elsewhere. Such an investigation might reveal new factors that are specific only to African stock markets. These, and other issues, shall be covered in a follow-up study. The Median test statistic in the table is labelled "Chi-square" ** and * imply statistical significance for a two-tailed test at the 1% and 5% levels, respectively 
